Using antibodies against the cell surface antigens p75, These data indicate that neural stem cells persist in the low-affinity neurotrophin receptor, and P 0 , a periphperipheral nerve into late gestation by undergoing self- p75 and cytoplasmic S100␤. Although S100␤ has been
p75 and cytoplasmic S100␤. Although S100␤ has been Figure 1E ), calponin, and 14 days of culture. They represented almost 16% of colonies at E14.5, but their frequency declined signifi-S100␤ (not shown). Although similar NCSC-derived cells were previously referred to as smooth muscle cells cantly with each day of development, down to less than 2% of progenitors from the E17.5 sciatic nerve (Table  (Shah et al., 1996) , the sciatic nerve-derived cells did not express the smooth muscle markers desmin or myo-1). In a minority of experiments, we observed infrequent but very large colonies that contained only neurons and sin light chain kinase (data not shown), and we therefore refer to them as myofibroblasts (Sappino et al., 1990 (Table 1) . By triple labeling with antibodies to peripherin, GFAP, and SMA, we identified five types of colonies in clonal
In addition to such uncommitted progenitors, the sciatic nerve contained progenitors that gave rise to only cultures of sciatic nerves from different ages (Table 1) . Table 4 ). This is consistent with our observations of progenitors that gave rise only to myofibroblasts.
tion that 16% of unseparated sciatic nerve cells formed colonies that contained neurons in standard cultures (Table 1 ).
Neuronal Potentials Determined by BMP2 Challenge

BMP2 instructs NCSCs to differentiate into neurons
In the p75 ϩ P 0 Ϫ population, over 80% of the cells formed neuronal colonies in the presence of BMP2 (Ta- (Shah et al., 1996) . BMP2 (1.6 nM) was therefore added to standard cultures of unseparated sciatic nerve cells ble 4), a higher proportion than in standard cultures (60%). In the p75 ϩ P 0 Ϫ/low and p75 ϩ P 0 ϩ populations, subor cells from each subpopulation isolated by flow cytometry. After 24 hr with BMP2, some cultures were fixed stantial but lower numbers of cells (68% and 52%, respectively) formed neuronal colonies under the inand stained for MASH1, an early transcription factor marker of autonomic neurogenesis (Sommer et al., 1995;  fluence of BMP2, consistent with the presence of multipotent progenitors (Table 3) were capable of neuronal differentiation even when chalhigher for p75 ϩ populations in the presence of NRG1 (Tables 3 and 5) . Thus, NRG1 also acted as a survival lenged by BMP2 (Tables 3 and 4) . Thus, most cells in these latter populations lack neuronal potential and may factor for neural progenitors, as previously reported (Dong et al., 1995). Neither the plating efficiency nor the be restricted to myofibroblast fates.
BMP2 did not appear to either kill cells or promote differentiation of p75 Ϫ/low progenitors were affected by NRG1 challenge. All colonies derived from p75 Ϫ/low prothe survival of subpopulations of cells, because in no case was there a difference in plating efficiency compargenitors contained only myofibroblasts, even in the presence of NRG1 (Table 5) . Thus, these myofibroblast ing side-by-side cultures with and without BMP2 (data not shown). Furthermore, BMP2 both accelerated (by progenitors appear to have neither glial nor neuronal potential. NRG1 did, however, promote the proliferation 10 days) neuronal differentiation and dramatically increased the proportion of neurons in clones. These data of p75 Ϫ/low progenitors (data not shown).
To confirm that NRG1 also acted instructively to prosuggested that it acted instructively on cells with neuronal potential. To confirm this, p75 ϩ P 0 Ϫ cells from mote glial differentiation, we plated p75 ϩ P 0 Ϫ cells in the absence of NRG1, circled live individual cells, and then the E14.5 sciatic nerve were sorted into clonal culture and marked by etching a circle on the underside of the added NRG1. After 14 days in the absence of NRG1, 86% of the cells survived and formed colonies. Fifty-seven culture plate, after which BMP2 was added to some cultures. Twenty-four hours after BMP2 addition, percent of these colonies were multipotent (NϩSϩM), and 37% were Schwann-only colonies (35 colonies obsome cultures were fixed and stained for MASH1. In control cultures, an average of 88.9% of cells survived, served Tables 1, 3 , and 5-note that the data in these tables experiments a higher proportion of cells failed to survive in TGF␤ than was observed in the former study, but were obtained in side-by-side cultures in the same experiments). Plating efficiencies were also significantly surviving cells were enriched for SMA ϩ myofibroblasts, By plating p75 ϩ P 0 Ϫ cells from rats that had been administered BrdU in vivo from E13.75 to E14.5, it was determined that an average of 89% of p75 ϩ P 0 Ϫ cells incorporated BrdU (Table 6) , and 50% of p75 ϩ P 0 Ϫ cells retained the ability to form multipotent NϩSϩM colonies. Peripherin and DAPI staining are shown for one field within a typical colony. This colony was multipotent, but GFAP and SMA staining are not shown. of 50% of the colonies formed by such cells contained neurons, Schwann cells, and myofibroblasts (NϩSϩM; Figure 5 ). Since 90% of p75 ϩ P 0 Ϫ cells were BrdU ϩ , these data indicate that most or all cells that retained multilineage differentiation activity after isolation had previously incorporated BrdU in vivo. These data indicate that NCSCs undergo self-renewing divisions in vivo.
We confirmed in several ways that BrdU administra- Even in that study, however, only about 5% of isolated and NRG1. Importantly, the neurogenic capacity of ependymal cells behaved as stem cells in vitro, and that these cells can be manifested in a normal in vivo environsubpopulation could not be prospectively identified. ment as well as in culture. p75 ϩ P 0 Ϫ cells incorporated By combining in vivo BrdU labeling with functional BrdU in vivo while retaining multipotency, demonstratassays of p75 ϩ P 0 Ϫ NCSCs isolated by FACS, we have ing that they undergo self-renewing divisions in vivo.
demonstrated that the vast majority of these multipotent Taken together, these data demonstrate the prospective cells undergo at least one self-renewing division in vivo identification and direct isolation from tissue of a neural between E13.75 and E14.5. Almost 90% of p75 ϩ P 0 Ϫ cells stem cell using surface antigenic markers and indicate that plated and survived in culture had previously incorthat such cells constitute a resident population of the porated BrdU in vivo, and at least 50% of these BrdUfetal peripheral nervous system. labeled cells were multipotent in vitro (Table 6 and (Table 1) , cell precursors (Jessen et al., 1994) . The developmental the p75 ϩ P 0 Ϫ fraction appears enriched for stem cells potential of these Schwann precursors was not tested, approximately 4-to 5-fold.
but it was concluded that they were distinct from neural These calculations assume that the frequency of crest progenitors because p75 ϩ cells from the sciatic NCSCs in the in vitro assay is representative of their nerve were observed to stain with an antibody against frequency in the freshly isolated p75 ϩ P 0 Ϫ fraction. The GAP43, while neural crest outgrowth did not. We tested plating efficiency of the p75 ϩ P 0 Ϫ cells was around 25% monoclonal and polyclonal anti-GAP43 antibodies ununder both standard conditions (Table 1) We observed multipotent progenitors in the rat sciatic culture conditions. Indeed, these other progenitor popunerve at least until E17.5. Why should multipotent stem lations had higher plating efficiencies than the p75 ϩ P 0 Ϫ cells be retained in developing peripheral nerve? The cells (Table 3) 
